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ABSTRACT 


In the era of concrete, concrete is exposed to chemical, such as carbonation 
and chloride adulteration break down the alkaline barrier in the cement. 
Subsequently, steel in the concrete becomes corrosive. Such phenomena lead 
to erosion of concrete at the reinforcement level, cracking and spelling of 
concrete due to volume increase of steel reinforcement. Different methods 
were investigated to overcome corrosion by numerous researchers. 


According to A.S.T.M D792-13 standards the density of H.F.R.P bars have been 
evaluated the experimental value with 0.1mg precision. As per the standards, 
the H.F.R.P bars are weighed. Then, the H.F.R.P bar is immersed in distilled 
water at 230C and the wet weight of the bar is noted. The weight of the Sinker 
in immersed condition is also noted. 


The laboratory tests carried out to evaluate the physical and mechanical 
properties of the newly developed H.F.R.P bars and are compared with that of 
conventional bars. The bond properties of H.F.R.P bars with concrete is also 
determined. Finally, it explains the experimental investigations on the flexural 
behavior of concrete one-way slabs reinforced with H.F.R.P reinforcements 
under static loading and are compared with conventional ones. The stress- 
strain performance of the sand-coated H.F.R.P bar is linear, lacking yield point 
up to the failure transverse shear strength is 3 times lesser than the tensile 
strength of the H.F.R.P bars. Thermal properties of fibers are substantially 
different in the longitudinal and transverse direction. Therefore the thermal 
characteristics vary between products according to the fiber, matrix and the 
fiber volume ratio. In this study the longitudinal Coefficient of linear thermal 
expansion is 


7.5 X 10 -6/oC to 9x 10 -6/oC. Whereas the transverse Coefficient of linear 
thermal expansion is between 15 x 10 -6/oC to 20 x 10 -6/oC. Load -deflection 
graphs drawn exhibits the accordance between experimental and FEM 
(ANSYS) observations. The reduced deflection of FEM is due to the rigidness of 
meshing. The results also confer about the effect of tension stiffening and the 
bond slip. From the comparison it has been observed that experimental 
deflections vary from 1.03 to 1.37 times higher than the FEM deflections. 
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1. INTRODUCTION 

1.1. GENERAL 

In the era of concrete, concrete is exposed to chemical, such 
as carbonation and chloride adulteration break down the 
alkaline barrier in the cement. Subsequently, steel in the 
concrete becomes corrosive. Such phenomena lead to erosion 
of concrete at the reinforcement level, cracking and spelling 
of concrete due to volume increase of steel reinforcement. 
Different methods were investigated to overcome corrosion 
by numerous researchers. A possible solution to combat 
reinforcement corrosion for new construction is non- 
corrosive material for replacing steel. Light weight Eminent 
tensile strength and corrosion less characteristics make Fiber 
reinforced Polymer (F.R.P) suitable for such applications. 


F.R.P in concrete has increased in recent time on account of 
resistance against corrosion, high tensile strength to weight 
ratio, and non-magnetization. The supremacy of the F.R.P 


materials, in comparison to normal building material such as 
steel bars, timber and RCC, lies in its improved strength and 
durability, stability, stiffness. 


The main aspect of present research is to review the 
analytical and experimental behaviour of Hybrid Fiber 
Reinforced Polymer’ reinforcements F.R.P  (HF.R.P) 
reinforcements in concrete one-way slabs on the basis of 
more accurate modeling and analysis and to build better 
recommendations for more balanced design. This chapter 
gives the development, constituents, classification, 
manufacturing methods and different applications of F.R.P 
materials. The manufacturing process of new H.F.R.P rod is 
also explained. Finally it presents need for present study and 
organization of the thesis. 
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1.2. TYPES OF FIBERS AND ITS CONSTITUENTS 

Fibers are typically Glass F.R.P, Carbon F.R.P, Aramid F.R.P 
and Basalt F.R.P while the polymer is generally an epoxy, 
polyester thermosetting plastic. Fibers possess a high 
strength and high stiffness, toughness and durability. 
Dimension such as length, cross sectional area, shape & 
chemical composition plays a main role in imparting good 
characteristics for fibers along with its corrosion resistant 
while compare with normal steel reinforcement. 


Table 1.1 Typical pro 
Properties 


Steel 


Nominal yield stress (MPa) | 276-517 


1.3. FIBERS AND PROPERTIES 

Fiber properties can differ depending on way of production 
and bar diameter. Unlike steel, F.R.P continues to exhibit a 
linear stress-strain correlation upto rupture, without yielding 
or strain hardening. In F.R.P bar the fiber are the major 
weight carrying element, therefore the type, ratio and 
orientation of these fibers play a big responsibility in 
strength of F.R.P bars. They also determine the rate of 
curing, the manufacturing process and quality control thatis 
required. Typical properties of different fibers which are 
report in ACI 440.1R-15, 2015 shown in the table. 


erties of Various Fibers (ACI 440 1R-15 


GF.R.P C.F.R.P AF.R.P 


| N/A | N/A 


Tensile strength (MPa) 483-690 | 483-1600 | 600-3690 | 250 -2540 


Elastic modulus (GPa) 
Yield strain % 0.14-0.25 





N/A N/A 
35-51 | 120-580 | 41-125 


6.0-12.0 | 12-31 | 05-17 | 19-44 


Fibers are available in various forms as given in Fig 1.1 to fulfill the requirements. Fibers possess a linear elastic behaviour 
under tensile loading up to failure without showing yielding. Carbon and aramid fibers are anisotropic with different values of 
mechanical and thermal properties in the main directions whereas glass fibers are isotropic materials in nature. 


Fiberglass Roving 


Hydrid Fabric (Carbon'Aramid 
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Figure1.1 Different forms of F.R.P reinforcements (Benjamin 1981) 


Glass fibers recommend an economical balance between cost and specific strength properties; this makes them preferable to 
carbon and aramid in for the most part reinforced concrete (RC) applications. In recent times basalt fibers have emerged as one 
of the F.R.P materials. Fig.1.2 shows the different rovings of fibers. 





Woven Roving GF.R.P 


Woven Roving C.F.R.P 
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(a) Glass rovings (b) Carbon rovings 
Fig.1.2 Different rovings of fibers ((Benjamin 1981) 


1.4. F.R.P in Structural Engineering 

In the last 20 years, compound materials have been build up into inexpensively and structurally feasible building material for 
buildings and bridges. Fig.1.3 Typical stress-strain in tension for F.R.P bars and steel. Today, F.R.P are new in structural 
engineering in a variety of forms: reinforcement material for new concrete construction, strengthening material for existing 
structures, and structural members for new construction. F.R.P material can be used in new construction as internal rebars, 
prestressing tendons, and stay in-place formwork. The exterior of the F.R.P bars are either sand coated, helically wound spiral 
outer surface, indented, or with ribs. Figure 1.4 shows some available F.R.P rebar with different surface textures. 


,crRP 


- 
APRP 


Ca eee 





Fig.1.3 Typical stress-strain in tension for types of F.R.P bars and steel 


Steel rebar 


Sand opated| Plain rebar Spin wound Ribbed 





Figure1.4 Different types of F.R.P rebars available commercially 


1.4.1. Glass Fibers 

Glass fiber is commercially available in different grade, made from silica sand. The types of glass fibers are electrical (E-glass), 
high- strength (S-glass), and alkali-resistance (AR-glass). E-glass has high electrical protecting properties, low vulnerability to 
dampness or moisture, and high mechanical properties. S-glass has higher tensile strength and modulus, in any case, its higher 
cost make it less best than E-glass. AR-glass is exceedingly impervious resistant to alkali assail in cement- based matrices, 
however at the development, estimating perfect with thermo set resin that are normally used to pultrude F.R.P bars are not 
accessible. Composites produced with glass fiber show great electrical and thermal insulation properties. 


1.4.2. Carbon Fibers 
Carbon fiber is the dominating structure utilized in the structural designing application. Carbon fibre is produced using 
polyacrylonitrile (PAN), pitch, or rayon fiber precursors PAN based. Polyacrylonitrile carbon fiber shows good strength and 
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relatively high modulus. Pitch-based carbon fiber has higher modulus yet bring low strength, which makes it appropriate for 
aviation applications. Fatigue, high resistance to alkali or acid attack, a low C.T.E (Coefficient of thermal expansion), relatively 
low impact resistance, and high electrical conductivity are high in carbon fiber and it can cause galvanic with metals.In addition, 
it isn't effortlessly wet by resin; in this manner, sizing is necessary before embedding. 
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Fig.1.5 Stress-strain relationship to failure for E-glass, S-glass, Aramid, and HS Carbon (Wu, 1990) 
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Fig.1.6 Composition of F.R.P material 
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Figure 1.7 Stress-strain relationships for resin, fibers, F.R.P composite 


1.5. APPLICATION OF F.R.P REBARS 
The common applications are to make use of F.R.P bars to decrease the hazard of corrosion in RCC structures. The life of these 
types of structure is strictly conditional with the durability of the global reinforcement. 


Although their primary cost (raw material and manufacturing costs) and environmental impact (CO2 production through the 
manufacturing process) of these kind of bars may be faintly higher than conventional steel, the use of F.R.P bars in concrete 
structure subjected to insensitive environments generates a significant potential for extending the life of structure and lowering 
their overall cycle cost and other application of F.R.P rebars are in Ports infrastructure, bridges at sea, retaining/sea walls, and 
dry docks, Bride decks and railings where deicing salts are used and in Locks and dam weirs. F.R.P bars is also used in the 
manufacture of equipment which are more receptive to electromagnetic fields. 


1.6. ADVANTAGES AND DISADVANTAGES OF F.R.P BARS 
Before coming to the usage, any material should be thoroughly analysed for its good and poor sides. Table 1.2 shows the merit 
and dimerits of F.R.P material when used in the form of rebars in concrete. 
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Table 1.2 Shows the advantages and disadvantages of F.R.P material 


Advantages 


F.R.P bars is more durable and diversified in its 
applications 


It is more durable and cost effective than steel 


Disadvantages 


No yielding before brittle rupture 
Design components made from F.R.P is complex 


Manufacturing and testing of F.R.P components is highl 
Less maintenance and the cost is lower or nil Specie 8 8 P ey 


Low transportation and installation costs. Poor rigidity and stiffness. 

ithstanding chemical attacks and moisture proves non-|Application is limited to a temperature below 300-degree 
fatal, unlike steel. Celsius. 
Lightweight material and help contractors to deliver May be susceptible to fire depending on matrix type and 
projects at a fast pace concrete cover thickness. 


2. REVIEW OF LITERATURES 

2.1. GENERAL 

This Chapter contains a detailed survey of literature that 
provides the previous work. The initial part of this chapter 
covers the review on properties of F.R.P along with durability 
aspects. Second part covers a assess the bond performance of 
the F.R.P and concrete. The third section short review of 
literature concerned on the flexural behavior of F.R.P 
structural components. Fourth section covers the analytical 
modelling for the examination of F.R.P reinforced structural 
components. 


Hongseob oh et al., (2019) carried out the bond test on 
G.F.R.P beams subjected under two point monotonic loading 
condition. The results stated that G.F.R.P rebar possess good 
mechanical interlocking with concrete conventional ones. Itis 
understood that pullout test, tensile test overestimates the 
bond capacity of beams. According to the findings, it 
concluded that G.F.R.P rebar had a the bond slip values when 
compared to steel rebar. 


Qasim and Hayder (2018) ANSYS yields good agreement 
with experimental results for both types of slabs rather than 
numerous values obtained by adopting equations of ACI 
440.1R-15, 2015. 


Travares etal., (2018) compared the strength, deformation 
of fine G.F.R.P beams with one conventional beam. To get the 
actual flexural response of G.F.R.P beams, it control the 
stiffness and the internal tension force. This study has also 
forced to design the G.F.R.P beams based on serviceability 
and ultimate limit-state. 


Arindom bora et al., (2018) has carried out design beam 
column joint reinforced with four types of F.R.P (GF.R.P, 
C.F.R.P , BF.R.P and AF.R.P) reinforcements . Results it is 
noted reduced equivalent stress on the introduction of F.R.P. 
The ultimate equivalent stress occurred and the beams of the 
beam column joint. Total deformation column joint are 
satisfactory. 


Arabshahi (2017) studied to assess precision for F.R.P bars 
are under available relations to computation of in concrete 
beams. Branson relation is used and modified in concrete 
members. Different reliability indexes are evaluated in 
concurrence with different technique. from different studies 
available relations. Based on this investigation, the most 
accurate and reliable relations are identified. Furthermore, a 
new relation based on numerical methods will be proposed. 


Premalatha et al., (2017) has created G.F.R.P and 
conventional RC beams, using ANSYS 16.2.the results 





(ultimate load and cracking behaviour) very closer to value 
and showing 10% variation. All the beams are failed ultimate 
Stage. 


Krishnan et al., (2017) analysed of square columns using 
ANSYS. columns confined by G.F.R.P sheets showed better 
results than column confined by C.F.R.P sheets and 
unconfined RC columns. The G.F.R.P and C.F.R.P confinement 
enhanced the RC columns. concluded that ANSYS worked well 
for predicting F.R.P confinement of nonlinear behaviour of RC 
columns. 


Xingyu Gu et al., (2016) studied the G.F.R.P and considering 
three test specimens. geometric size of both G.F.R.P and steel 
rebar specimens which have the same bearing capacities. 
Regarding so many authors have been put forward their 
opinion through lot of experiments 


Triantafillou and Antonopoulos (2016) studied the beam 
sections with lesser C.F.R.P tensile rupture, layer of C.F.R.P 
reinforcement. C.F.R.P material which implies experience a 
abrupt tensile rupture instead of a gradual yielding, as in the 
case with steel reinforcement. 


Vijay and Gangarao (2016) compiled and overcome a list 
tests and analysed them to understand how the flexural 
Capacity openly relates to properties of the reinforcing bars. 
They identified that, the preferred failure mode of G.F.R.P RC 
in flexure is concrete crushing because the compression 
induced failure provides better deformability at ultimate 
conditions and it has less deflection and crack widths at 
service load levels. While the benefit of better deformability 
is true because of the nature of compression failure, reduced 
cracks and deformation at service loads is primarily the effect 
of over-reinforcing with G.F.R.P bars, something that is 
necessary to ensure compression failure. 


Issa et al., (2016) observed that good features over steel by 
their high strength, stiffness/weight ratios and durability 
against corrosion and chemicals and finally thermal 
properties when compared with structural members 
reinforced with conventional bars. 


Al-Sunna et al., (2015) experimentally investigated the 
deflection behaviour of 24 G.F.R.P and C.F.R.P slabs’ covering 
varies of reinforcement ratios. From this investigation, it is 
indicated that further deformations tempted by pure flexure 
might be important mainly in F.R.P with reasonable to high 
reinforced ratio. Though, it seems that simplified methods to 
predict deflections of F.R.P RC elements take into explanation 
from these additional deformations. This un-conservative 
predictions particularly. 
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SUMMARY 

This chapter has presented the review of literature of basic 
properties of F.R.P reinforcements, behaviour of F.R.P 
reinforced concrete flexural members, numerical modelling 
and analysis under strength and serviceability requirements 
of F.R.P reinforced concrete flexural components and on 
reliability study on the F.R.P reinforcements. Objectives, 
Scope and Methodology of the present work are defined. 


3. PROBLEM IDENTIFICATIONS AND OBJECTIVES 

3.1. Problem Identifications 

This has been seen that no detail study has been done on the 
utilization of more than one fiber in one member of the 
structure. Concept of hybrid fibers is well known to us, and 
its utilization is effective in terms of modifying mechanical 
properties. It has been observed in previous literatures that 
there is lots of scope in utilization of hybrid fibers in 
concrete members. 


3.2. Objectives 

> Tostudy different mechanical properties of steel, HFRP 
reinforcements and concrete like density, tensile 
strength, thermal expansion coefficient, modulus of 
elasticity. 


> Toanalyze the flexural behavior of HFRP reinforcements 
in concrete slabs with steel reinforcements. 


> To study the flexural behaviour of concrete slabs 
reinforced with HFRP and conventional reinforcements 
under two point static loading conditions. 


> To propose modified theoretical expressions for the 
flexural capacity, deflections and crack widths for the 
HFRP reinforced concrete one-way slabs under two 
point static loading conditions. 


4. METHODOLOGY 

4.1. GENERAL 

In this chapter laboratory tests carried out to evaluate the 
mechanical and physical properties of the newly developed 
H.F.R.P bars and have a comparison with that of 
conventional bars. 





—E ae 


Figure 4.1 Cross Section View of H.F.R.P Bar 


4.2. MECHANICAL AND PHYSICAL PROPERTIES OF 
H.F.R.P BARS 

In this section, properties which are consider to be important 

to know about the H.F.R.P bars and to interact with concrete 

have been determined in materials laboratory. 


4.2.1. Density 

According to A.S.T.M D792-13 standards the density of 
H.F.R.P bars have been evaluated the experimental value with 
0.1mg precision. As per the standards, the H.F.R.P bars are 
weighed. Then, the H.F.R.P bar is immersed in distilled water 
at 230C and the wet weight of the bar is noted. The weight of 
the sinker in immersed condition is also noted. The specific 
gravity is calculated by using the Eq. 3.1 and Eq. 3.2. Table 3.1 


presents the density of bars indicated in (ACI440. IR- 
15,2015). 


Specific gravity (23°C) =a / (a+w-b) (Eqn 3.1) 
Density (23°C) = specific gravity 23°C x997.5 Kg/m3 (Eqn 3.2) 


A - Apparent mass of specimen, before immersion in water 
sinker, 

B_ - Apparent mass of the specimen and the sinker immersed 
in water, 

w - Apparent mass of the immersed. 






Figure 4.2 Density Test Setup Of H.F.R.P Bars 


4.2.2. Tensile test 

According to ASTM D7205/D7205M-06(2011) the 
Specimens are prepared for the tensile test. Total length of 
specimen is 1000mm and length is 400mm. Two 300mm 
long steel tube anchor with an outside diameter of 25.4 mm 
and thickness of 3mm is used at both ends of sample for 
gripping. Steel Plugs and PVC caps drilled on their centre 
slightly bigger than the bar diameter are used to close on 
both the ends of steel tube ad to insert the specimens at the 
centre of the steel tube. Fig 4.3 shows the steel tube used for 
gripping position of H.F.R.P bars and Figure4.4 shows the 
details of the tensile test specimens. Then the gap between 
the steel tubes filled with mixture of epoxy resin and 
hardener and allowed for 24 hours curing. The specimen is 
cured for 7 days in typical indoor laboratory conditions. 


Figure 4.3 Steel tube used for gripping position of 
H.F.R.P bars 


Steel Tube HFRP bar 


Epoxy 





400mm (40d) 


1000mm 


Figure 4.4 Details of tensile test specimens 


This test has been conducted at Strength of materials 
laboratory, Department of Structural engineering. 
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Figure 4.5 Tensile test rns 


Stress-strain curve 

The stress-strain response of the sand-coated H.F.R.P bars is 
linear, does not have any yield point up to the failure .The 
failure stress could be much more than the conventional steel 
bar. The change in size of the H.F.R.P bars does not make any 
change in stress strain response. The strain and stress 
response of conventional steel bars beyond the elastic 
portion, yielding occurs at beginning of plastic deformation. 


4.2.3. TRANSVERSE SHEAR STRENGTH 

Transverse shear strength is conducted to measure shear 
strength of HFRP bars by using ASTM D7617/D7617M 
describes method of sampling, fixturing, testing composite 
reinforcing bars and conditioning and smooth round 
reinforcements in transverse shear. As per ASTM D 7617, 
size of reinforcements is cut and transverse shear test has 
carried out on HFRP and steel and compared. 


The displacement rate is selected as 1.84mm/min so that the 
test specimens fail at a time between 1 and 3 minutes. By 
applying the load, the bar shears at two places and the 
ultimate load has been noted. 





(a) Transverse shear test setup 


(b)Shear failure of specimen 
Figure 4.6 Transverse shear test 


4.2.4. COEFFICIENT OF LINEAR THERMAL EXPANSION- 
The Coefficient of linear thermal expansion (qa) is calculated 
using this formula Eq. 3.7 


a= AL/Lo AT (Eqn.3.7) 


Where AL is the change in length of the specimen, Lo is the 
original length of the specimen, AT is the temperature 
change during the test. 





Figure 4.7 Dilatometer test setup 


4.2.5. BOND MECHANISM 

The bonding of concrete with reinforcing bars is the key to 
develop composite action of RC elements. The properties of 
F.R.P bars are dissimilar to steel bars. At service loads, the 
tension stiffening effect of the concrete is affected by the F.R.P 
bars due to its difference local bond behavior which turn 
affects the cracking and deflection of RC member. Therefore, 
the bond test also has been carried out in the present study. 


The tensile strength and elastic modulus of H.F.R.P bars were 
calculated and tested according to ASTM 
D7205/D7205MO06. The tensile properties of H.F.R.P and 
steel bars were listed in Table 4.1. The mix ratio of cement 
water fine aggregate coarse aggregate-super plasticizer is 
1:0.38: 1.56: 2.72: 0.005. The maximum size of coarse 
aggregate is 20mm and the fine aggregate is river sand witha 
particle size of 0-Smm. The specific gravity of fine aggregate 
and coarse aggregate is 2.63 and 2.72 respectively. The 
average compressive strength of concrete at 28 days is 
arrived at 49 MPa. The concrete cubes for pullout specimens 
consisted of, 200mm on each edge, with a single 1200mm 
long H.F.R.P bar embedded vertically along the central axis in 
each specimen Figure.4.9 to 4.10 shows the preparation of 
specimens. The embedded length of the H.F.R.P bar was five 
times the diameter of the H.F.R.P bar. 


The embedded bar inserted within (PVC) pipe to prevent 
bonding at top of each specimen, and additionally, the PVC 
pipe is used to avoid splitting of concrete during the pull-out 
test. Steel tubes are used as anchors at the loaded end of the 
H.F.R.P bars and are cast with epoxy resin and hardener. The 
pullout specimens are cast in accordance with C192/C192M. 
Then, the moulds are removed from the specimens after 20 
hours of casting. After removing the moulds, the specimens 
are cured until the time of testing and the pullout specimens 
were tested after the period of 28 days. Tensile properties of 
H.F.R.P and Steel bars are shown in Table.4.1. 
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Table 4.1 Tensile Prop erties of H.F.R.P And Steel Bars 









HF.R.P 1217.93 
STEEL 591.3 





—— -~ 





Figure 4.11 Anchor as per ASTM D7205 Figure 4.12 Arrangements of H.F.R.P bars 
(ready for casting) and casting on concrete cube 


4.2.6. Pull Out Test Setup 

The bond strength of the H.F.R.P bar is assessed by testing five samples as per ASTM D7913/D7913M-14. This pullout testis 
conducted at Universal Testing Machine (UTM). The steel tube anchorages are provided as a shield to avoid crushing of the 
H.F.R.P bar at its ends. This steel tube is fixed by conventional wedge frictional grip at machine's lower jaw. The pullout 
performed by pulling the steel tube toward one side. Fig.4.13 demonstrates the test setup for pullout test. Fig.4.14 shows one 
linear variable differential transformer (LVDT) which is fitted to the top extendened free end of the H.F.R.P bar at outside of the 
concrete cube and then load is applied gradually at a rate of 20kKN/min up to failure of the specimen. The pullout load and 
displacement (slip) values are recorded during the test by a computer controlled acquisition system. 





Figure 4.13 Pullout Test Setup Figure 4.14 LVDT at free end of H.F.R.P 
Eqn.3.8 shows the calculation of bond stress with the data collected from experiment 


Ven Ch siirianinsinienmm minnie ect maeNar (Eqn.3.8) 
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Where tis the average bond stress (MPa), Fis the tensile force (N), Cy is the circumference of F.R.P bar, and /is the bonded length 
(mm). The slip of the H.F.R.P bars in concrete can be achieved and showed on Eqn.3.9. 


S = SL-SF (Egn.3.9) 


Where s is the slip of the H.F.R.P bars (mm); s, is the loaded end slip of the H.F.R.P bar(mm); sr is the free end slip of the H.F.R.P 
bars(mm). 


4.3. MATERIAL PROPERTIES 

4.3.1. Concrete 

Normal Strength Concrete (NSC) of grades 30MPa, 40MPa and 50MPa are used to cast the concrete one-way slabs. Ordinary 
Portland Cement (OPC), coarse aggregate size of 20mm and fine aggregate of size ranging up to 4.75mm sieve are used in casting 
the slabs and in real environmental conditions. After 28 days of curing the compressive strength of cubes are determined with 
150mm size of standard test cubes using Compression testing machine and the properties of concrete are tabulated in Table 4.2. 


Table 4.2 Properties of Concrete 
Material M30 grade of M40 grade of M50 grade of 
concrete concrete concrete 


Cement, kg/m? 425.34 
Fine aggregate, kg/m’ 615.21 





Coarse aggregate, kg/m? 1181.52 1174 1163 
Water, kg/m! 191.58 
Average compressive strength, N/mm? 


4.3.2. Reinforcements 
The properties of reinforcements are already explained which results are further explain in next chapter. 


Table 4.3 Properties of Reinforcements used in the stud 


TypeofRebar erp  sTEEL 
Properties 


Tensile Strength, MPa 1217.93 | 583.67 
Compressive strength, MPa 746.17 | 435.68 


Elastic modulus, GPa 
Transverse Shear strength, MPa 418.4 302.5 
Coefficient of linear expansion, /°® C 20 x10°6 


4.4, TEST SPECIMEN PREPARATION 

The experimental program consists of eighteen one-way slabs of length 2400mm and 600mm width. The various parameters 
that are involved in the present study and their designations are tabulated in Table 4.4 .The reinforcements of size 8 mm are 
used as secondary reinforcements in the transverse direction of slab i.e. widthwise and 10 mm reinforcements are used as main 
reinforcements in the span direction of slab i.e. lengthwise at three different spacing viz., 186.6 mm c/c, 140 mm c/c and 93 
mm c/c.Main and secondary H.F.R.P reinforcements are tied with help of Nylon zip ties. 


4.5. TEST SPECIMEN PREPARATION 

The experimental program consists of eighteen one-way slabs of length 2400mm and 600mm width. The various parameters 
that are involved in the present study and their designations are tabulated in Table 4.4 .The reinforcements of size 8 mm are 
used as secondary reinforcements in the transverse direction of slab i.e widthwise and 10 mm reinforcements are used as main 
reinforcements in the span direction of slab i.e. lengthwise at three different spacing viz., 186.6 mm c/c, 140 mm c/c and 93 
mm c/c.Main and secondary H.F.R.P reinforcements are tied with help of Nylon zip ties. Secondary (8mm steel/HF.R.P) 
reinforcements are spaced at 210 mm c/c. Main reinforcements are given a bottom cover of 20mm for all the slabs. Mixing of 
concrete is done with help of rotary mixers. The slabs are designated with the parameters of mihp1D1, m1hp2D1, m1hp3D1, 
m2hp1D1, m2hp2D1, m2hp3D1, mihp1D2, m2hp1D2, m3hp1D2, m1isp1D1, m1sp2D1, m1sp3D1, m2sp1D1, m2sp2D1, 
m2sp3D1, m1sp1D2, m2sp1D2, m3sp1D2 Normal moist curing is done for all slabs; After curing, grid points are marked to 
locate the loading points and strain measuring positions; Brass pellets are fixed to measure strains using Demouldable 
mechanical (Demec) strain gauge. In the next section a detailed experimental setup is explained under different loading 
conditions 





Table 4.4 Various Parameters involved in the construction of slabs 
Parameters Description Designation 


Types of reinforcements on 
. | Stel | os 


S 
| 100 mm 
Thickness of slabs 120 min 


m1 


Grades of concrete 
ms 
Reinforcement ratios 
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4.6. TEST SETUP AND INSTRUMENTATION 

Load frame of capacity 50 tonnes is used for testing the slab specimens. Slabs are supported with following end condition; i.e. 
one end of the slab rests on roller support and the other end rests on hinge support. Two point loading (line loads) system is 
used with the help of spreader beams. Thick rubber or neoprene pads are kept under the spreader beams to avoid local effects. 
The support end levels of the slabs were maintained properly by spirit levels. The static loads are applied with the help of 
hydraulic jacks manually (250 KN capacity) and are monitored by proving ring or load cells. The deflections or deformations of 
the slab are measured by dial gauges and Demec gauges. All slabs are pasted with internal and external surface strain gauges. 
Internal strain gauges are glued on the surface of the steel/H.F.R.P reinforcements at the time of casting the slabs with due 
precaution. External strain gauges are fixed on the surface of the slabs at top and bottom fibers. Dial gauges are also fixed at 
centre, one-third load points and at supports. Dial gauges are fixed at the supports to carry out support corrections. Demec 
gauges are also used at centre and one-third load points to measure the linear strains. To measure Strains with help of Demec 
gauges, a Standard gauge distance is required and it is done with the help of brass pellets pasted at a known distance at top, 
bottom and centre fibers. A hydraulic jack with the capacity of 250KN is used to apply the load statically on the slabs and the 
application of load is controlled by proving ring. The experimental set up is shown in Figure 4.14, test setup for static loading 
shown in Fig 4.15 and finally, Fig 4.16 shows the test setup for static loading under loading condition respectively. The static 
load is gradually applied approximately with an increment of 2 KN up to the failure of the slabs. The corresponding deflections 
are noted. The crack widths are measured periodically by using crack width detection microscope. 


Loxiing wane 
Load cea aor Proving ring 
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Figure 4.15 Reinforcements Details for H.F.R.P And Conventional Slabs 
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Figure 4.16 Test Set Up For Static Loading 
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Figure 4.17 Test set up for Static loading under loading condition 


4.7. _DEFORMABILITY FACTORS 
Ductility is the energy absorption capacity of a structure without failure and is to measure the inelastic deformation. For steel- 
reinforced structures, ductility is the ratio between the ultimate deformation and the deformation at yielding. This way of 


estimating ductility cannot be applied to F.R.P reinforced structures because they are virtually linear until failure. 


Deformability factors quantify the safety of a HF.R.P-reinforced member similar to ductility factors in numerically. This factor, 
however, does not incorporate the advantageous post-yield behaviour of steel-reinforced flexural members. According to, a large 
curvature is needed for a higher moment of resistance. Thus, an accurate quantification of safety must account for load 
resistances (moments, forces, or stresses) as well as member deformations (curvature, displacement, or strains). 


Deformability factors overcome this problem. A flexural member, properly designed with adequate deformability, can meet 
serviceability requirements, but still have enough reserve strength and deflection to allow pre-emptive warning of failure. 
Deformability factors account for this effect by comparing energy absorption at two different load levels i.e. energy absorbed at 
ultimate state with the energy absorbed at service load level. For the present study DF has been calculated from the experimental 
observations. 


The Deformability Factor DF shown in Egn 3.13 is obtained by multiplying the Moment factor by Curvature factor; accordingly, 


DF = Moment factor x Curvature factor 
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i.e., MF = Moment factor = 


Therefore, DF = 


M 
u “and CF= Curvature factor 


Ga 


( M,, \ 


|| 
Ga 


(w,,) 


| | 
Gar 


(w,, ) 


| | 
ey 


(3.13) 


By the use of deformability factor, the ratio of Mu at ultimate and service load conditions are used as a practical means to 
indicate approximately the ratio of the strain energy values at the two load levels. 


The procedure is based on restriction of cracks widths at service load condition and ensuring that adequate deformability of the 
Slab occurs before failure. By limiting the stress in the reinforcements it can be achieved. The stress in H.F.R.P reinforcements at 
service loads is depends on the ultimate strength of slab. Therefore the design requirement governs the amount of H.F.R.P 
reinforcement ratio provided. Based on this study, the deformability factor exceeds a value of 4 as specified in previous studies 
(CEB-FIP, 2007; ACI 440. 1R-15, 2015). This study limits the strain in H.F.R.P (“@ WF Rp) due to service loads to 1.5 times the 


strain allowed for steel reinforcements ( € y ) which is equal to the strain 0.002 of slab. 


Since F.R.P bars do not yield, a deformability factor is used and a minimum required value, DF=4, is proposed. The permissible 
value of strain in steel is limited to 0.002 as serviceability condition which is proposed to result in crack widths 5/3 times 
larger than the widths when steel bars are used. It is shown, by a parametric study, that when the F.R.P is determined in this 
way, the DF is commonly greater than 4; thus, there is no need to check the deformability. 


Conclusion 

In this Chapter firstly, the manufacturing process of newly 
developed H.F.R.P bars are presented and secondly, the 
important properties such as Density, Tensile strength, 
Transverse shear, Coefficient of Thermal Expansion, and are 
determined according to ASTM standards and compared 
with that of conventional bars. The results shows good and 
satisfactory performance of H.F.R.P bars in comparison with 
Conventional bars. The bond performance of H.F.R.P rebars 
with concrete has also been examined. A _ detailed 
experimental procedure has been conducted to investigate 
the flexural behaviour of one-way slabs with all parametric 
conditions are presented. 
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